cent intensity units/ml, p = 0.002]. Compared with those with a FLOP level below the 75th percentile, participants with a FLOP level above the 75th percentile had increased odds of CKD after adjustment for covariables (FLOP1: odds ratio 13.1, 95% confidence interval 6.2-27.6; FLOP2: odds ratio 5.7, 95% confidence interval 2.9-11.1; FLOP3: odds ratio 2.4, 95% confidence interval 1.2-4.7). Levels of FLOP1, FLOP2 and FLOP3 were related to eGFR (p ! 0.0001 for all) and log-transformed urine albumin (p ! 0.005 for all) in multivariable-adjusted linear regression models. Conclusion: These data indicate that an elevated FLOP level is associated with CKD status and severity. Future studies are warranted to elucidate its role in the development and progression of CKD.
Recently, it has been suggested that oxidative stress, one of the most potent inducers of endothelial dysfunction and atherosclerosis, is increased in patients with endstage renal disease [2] . However, the association of oxidative stress with predialysis CKD has not been well studied.
Oxidative stress refers to a state of dysmetabolism in chronic disease characterized by an abundance of oxidized macromolecules, including lipids, carbohydrates, proteins, amino acids and DNA, that can result in tissue injury and disease through inflammation and endothelial dysfunction pathways [3, 4] . Fluorescent oxidation products (FLOP) result from the interaction of reactive oxygen intermediates and free radicals with macromolecules and show characteristic fluorescence spectra [5] . Commonly used oxidation markers such as F 2 -isoprostanes and malondialdehyde reflect only a part of oxidation, namely lipid oxidation. FLOP reflect oxidation products generated from several pathways including lipid, protein, DNA and carbohydrate oxidation. The fluorescent method of detecting levels of oxidation products provides a more stable, easily measured and sensitive biomarker of cumulative metabolic and oxidative stress relative to existing techniques for the measurement of oxidative stress biomarkers, such as high-pressure liquid chromatography for measuring malondialdehyde and gas chromatography/mass spectrometry for measuring F 2 -isoprostanes [6] . In addition, plasma FLOP independently predicted the risk of subsequent coronary heart disease and other fatal and nonfatal cardiovascular disease events in previous epidemiologic studies [7, 8] . However, the association of FLOP with CKD has not previously been studied. In the present study, we examined the association of FLOP levels and CKD in 201 CKD patients and 201 controls without CKD from the community.
Methods

Study Participants
We recruited 201 CKD patients and 201 controls without CKD in the greater New Orleans, La., USA, area from 2007 to 2010. CKD patients aged 21-74 years were recruited from nephrology and internal medicine clinics via physicians' referral by trained research staff in the study area. All eligible CKD patients identified in the recruiting clinics were invited to participate in the study. CKD was defined as an estimated glomerular filtration rate (eGFR) ! 60 ml/min/1.73 m 2 or the presence of albuminuria ( 6 30 mg/24 h). Patients were excluded if they had a history of chronic dialysis, kidney transplants, immunotherapy in the past 6 months, chemotherapy within the past 2 years and current clinical trial participation that may have an impact on CKD. Additional exclusion criteria were a history of HIV or AIDS and inability or unwillingness to give informed consent. Controls were recruited through mass mailing to residents aged 21-74 years living in the same area according to zip code. The eligibility of controls was assessed by a prescreening telephone interview and a clinic screening visit. Individuals were included if they had no evidence of CKD (eGFR 1 60 ml/min/1.73 m 2 and no persistent albuminuria). Cases and controls were frequency-matched according to age group (10 years), gender and race to increase the efficiency of patient recruitment and statistical analysis.
The Tulane University Institutional Review Board approved this study. Written documentation of informed consent was obtained at the screening visit from all study participants. The procedures followed were in accordance with the ethical standards of the Tulane University Institutional Review Board and the Helsinki Declaration.
Measurements
A standard questionnaire was administered by trained staff at a clinical visit to obtain demographic information (age, gender, race, education) and information on lifestyle risk factors (including cigarette smoking, alcohol drinking and physical activity), self-reported history of cardiovascular disease, diabetes, hypercholesterolemia and hypertension, as well as the use of antihypertensive, lipid-lowering and diabetes medications and the use of aspirin.
Three blood pressure measurements were obtained at a clinical visit by trained and certified staff according to a common protocol adapted from procedures recommended by the American Heart Association. A standard mercury sphygmomanometer was used, and one of four cuff sizes (pediatric, regular adult, large or thigh) was chosen on the basis of the circumference of the participant's arm. Body height and weight were obtained by trained staff and used to calculate body mass index (body mass index = weight in kilograms/height in meters squared).
An overnight fasting blood sample was collected to measure plasma glucose, serum cholesterol, serum creatinine (SCr) and plasma FLOP. Plasma samples were centrifuged at 3,000 rpm for 45 min within 5 min of sample collection. Serum samples were centrifuged at 2,400 rpm for 20 min within 10 min of sample collection. Renal function parameters and a lipid profile were run within 24 h on a serum sample for each participant. Remaining serum and plasma tubes were frozen at -80 ° C immediately after centrifugation until further laboratory analysis. A 24-hour urine sample was collected to measure creatinine and albumin.
The procedures for measuring FLOP were adapted from the method of Shimasaki and have been described in detail previously [6, 9] . Briefly, plasma samples were mixed with ethanol/ ether and centrifuged for 10 min at 3,000 rpm, after which supernatant was added to cuvettes for spectrofluorometric reading. Fluorescence was quantified as relative fluorescent intensity units per milliliter of plasma at wavelengths of 360/420 nm (excitation/ emission) for FLOP1, 320/420 nm for FLOP2 and 400/475 nm for FLOP3 by a spectrofluorometer (Shimadzu RF-5301 PC). FLOP1 reflects lipid oxidation products that have reacted with proteins, DNA and carbohydrates; FLOP2 can result from the oxidation of linoleate with DNA in the presence of metals, and FLOP3 can be produced by malondialdehyde reacting with proteins and phospholipids [5] .
Plasma glucose was measured using a hexokinase enzymatic method (Roche Diagnostics, Indianapolis, Ind., USA). Serum total cholesterol and triglycerides were assayed using an enzymatic procedure on an Hitachi 902 automatic analyzer (Roche Diagnostics). Serum high-density lipoprotein was quantified by a combined 
Statistical Analysis
Basic descriptive statistics were run to describe the demographic and clinical characteristics of the study population. In addition, t tests and 2 tests were performed to assess the statistical significance of differences in demographic and clinical characteristics according to CKD case or control status.
Inverse transformations were used for plasma FLOP and log transformations were used for urine albumin levels because they were not normally distributed. Multivariable linear regression was used to examine the association between eGFR and inversetransformed plasma FLOP levels, as well as for log-transformed albumin and inverse-transformed plasma FLOP levels. Age, gender, race, high school education, current cigarette smoking, weekly alcohol consumption, physical activity ( 6 twice per week), body mass index, LDL cholesterol, plasma glucose, systolic blood pressure, history of hypertension, diabetes and cardiovascular disease and medication use were selected for adjustment in these analyses based on their association with CKD in this study and previously published literature. Pearson correlation coefficients were also calculated to assess the association between eGFR and inverse-transformed plasma FLOP levels, as well as the association between log-transformed albumin and inverse-transformed plasma FLOP levels. Quantile regression was used to obtain medians and interquartile ranges of plasma FLOP for CKD patients and controls, after adjusting for the aforementioned covariates [11] . The Wald test was used to test differences in the adjusted medians between CKD patients and controls. Multivariable logistic regression was used to obtain adjusted odds ratios comparing the highest quartile of plasma FLOP levels to the lower three quartiles between CKD patients and controls, after adjustment for the aforementioned covariates. Plasma FLOP quartiles were defined based upon plasma FLOP measurements in the control group. All analyses were performed using SAS version 9.2 statistical software (SAS, Cary, N.C., USA). 
Results
The demographic and clinical characteristics of the study participants according to CKD status are provided in table 1 . Participants with CKD were older, more likely to be male, achieved a lower level of education, were less physically active and less likely to drink alcohol compared to those without CKD. Those with CKD were more likely to have a medical history of cardiovascular disease, hypertension, diabetes and hypercholesterolemia and to be taking medications for these conditions. Mean body mass index, systolic blood pressure, fasting glucose, urine albumin and creatinine were significantly higher while LDL cholesterol and eGFR were lower in CKD patients compared to controls.
The levels of plasma FLOP1, FLOP2 and FLOP3 were significantly related to CKD severity, as indicated by the level of eGFR and urine albumin ( table 2 ; fig. 1 a-f ). In the multivariable linear regression analyses, inverse-transformed FLOP predicted eGFR (p ! 0.0001 for all) and log-transformed urine albumin (p ! 0.005 for all). Inverse-transformed plasma levels of FLOP1, FLOP2 and FLOP3 were significantly correlated with eGFR (r = 0.58, 0.55 and 0.38, respectively; p ! 0.0001 for all) and logtransformed urine albumin (r = -0.45, -0.40 and -0.25, respectively; p ! 0.0001 for all).
Plasma levels of FLOP1, FLOP2 and FLOP3 were consistently higher among CKD patients compared to controls ( table 3 ) . After adjustment for age, gender, race, high school education, physical activity, current cigarette smoking, weekly alcohol drinking, body mass index, LDL cholesterol, glucose, systolic blood pressure, history of cardiovascular disease and use of antihypertensive medication, diabetes medication, lipid-lowering agents and aspirin, the median plasma FLOP levels were statistically significantly higher in CKD patients compared to Logistic regression analyses demonstrated a strong, significant and consistent relationship between plasma levels of FLOP1, FLOP2 and FLOP3 and CKD status ( table 4 ). For example, participants in the top quartile ( 6 75th percentile) of plasma FLOP1 had a 13-fold increased odds of having CKD relative to those participants with lower levels of plasma FLOP1, after adjusting for age, gender, race, education, physical activity, cigarette smoking, alcohol drinking, body mass index, LDL cholesterol, glucose, systolic blood pressure, history of cardiovascular disease and use of antihypertensive medication, diabetes medication, lipid-lowering agents and aspirin. Fig ures in parentheses represent interquartile ranges. FI = Fluorescent intensity units. 1 Adjusted for age, gender, race, high school education, physical activity, current cigarette smoking, weekly alcohol drinking, body mass index, LDL cholesterol, plasma glucose, systolic blood pressure and history of cardiovascular disease. 2 Adjusted for age, gender, race, high school education, physical activity, current cigarette smoking, weekly alcohol drinking, body mass index, LDL cholesterol, history of hypertension, history of diabetes and history of cardiovascular disease. 3 Adjusted for age, gender, race, high school education, physical activity, current cigarette smoking, weekly alcohol drinking, body mass index, LDL cholesterol, plasma glucose, systolic blood pressure, history of cardiovascular disease and use of antihypertensive medication, diabetes medication, lipid-lowering medication and aspirin. 
Discussion
These study findings indicate that plasma levels of FLOP1, FLOP2 and FLOP3 were significantly higher in CKD patients compared to controls without CKD, even after adjustment for traditional risk factors for CKD and other covariates including demographic and behavioral characteristics, clinical and anthropometric measurements, history of related diseases and medication use. Furthermore, we document a strong dose-response relationship between plasma levels of FLOP1, FLOP2 and FLOP3 and the degree of kidney impairment using both eGFR and urine albumin as markers.
A few clinical studies have demonstrated an increase in oxidative stress among CKD patients using a myriad of other biomarkers, including malondialdehyde, oxidized lipids, F 2 -isoprostanes, asymmetric dimethylarginine, advanced glycation end products and thiols [12] [13] [14] . For instance, one small study detected a graded relationship between CKD status and advanced glycosylation end products among 8 subjects with normal renal function (16.8 units/ml), 6 subjects with elevated SCr and persistent proteinuria (30.2 units/ml) and 6 subjects with end-stage renal disease (82.8 units/ml) [12] . In a case-control study of 60 cases with stage 3-5 CKD and 70 healthy controls, levels of carbonyls and F 2 -isoprostanes were statistically significantly higher among cases than controls [13] . However, these previous oxidative stress studies were mainly conducted in patients with severe kidney disease and renal failure. The present study includes patients with moderate kidney disease and demonstrates the positive association between FLOP and the severity of CKD. As such, oxidative stress may play a role in the etiopathogenesis of CKD. In addition, FLOP has been shown to be stable in samples and reproducible within subjects over time [6, 7, 15] . Furthermore, the measurement of FLOP can be performed on samples that are collected with standard procedures, and the laboratory technique is relatively uncomplicated whereas other oxidative stress markers require specific sample preparation and more sophisticated laboratory techniques such as liquid chromatography and mass spectrometry [6, 15] . These features of FLOP suggest it may be a useful marker for CKD risk stratification in clinical settings and for research studies.
The underlying etiology for increased oxidative stress is not fully understood. The proximal tubular cells in the kidney have a direct role in creating damaging oxidative products through the production of hydrogen peroxide in myoglobinuria [16] . A major component of the kidney's role in determining the degree of systemic oxidative stress is through the retention of oxidative products due to the loss of kidney function [17] . Damaged kidneys have decreased antioxidant activity and thereby accumulate oxidative products [18] . Reactive oxygen species have been shown to impact the absorption and excretion of sodium chloride and water in the thick ascending limb of the loop of Henle and the medulla [19] . Deficiency of superoxide dismutase, which metabolizes reactive oxygen species, leads to endothelial dysfunction, enhances afferent arteriole sensitivity to angiotensin II and promotes remodeling of the renal vasculature [20] . Reactive oxygen species have been shown to directly mediate renal vasoconstriction and blood flow through the kidney [19, 21] . Our study suggests that there is markedly increased oxidative stress in CKD patients compared to controls. Elevated oxidative stress likely induces kidney dysfunction through the endothelial dysfunction and inflammation pathways.
Even though randomized clinical trials of antioxidant vitamins have not demonstrated a beneficial effect on cardiovascular disease in women [22] , N-acetylcysteine and ␣ -tocopherol (vitamin E) have both been shown to reduce cardiovascular disease events in end-stage renal disease patients in randomized clinical trials [23, 24] . Recently, bardoxolone methyl, a newly developed antioxidant inflammation modulator, showed some evidence of improving eGFR among diabetic CKD patients in a clinical trial [25] . These studies corroborate the theory that oxidative stress is involved with CKD pathology and that targeting oxidative stress pathways could delay or reverse CKD progression. As new antioxidant medications continue to become available, the plasma FLOP level could be tested as a marker to guide treatment and monitor therapeutic effects. Furthermore, clinical interventions which decrease FLOP levels may improve renal function.
There are several noteworthy strengths of this study. Our study is the first to find that plasma FLOP was significantly increased in patients with CKD. In addition, we discovered a dose-response relationship between the plasma level of FLOP and the severity of CKD as measured by both eGFR and albuminuria. This association was independent of multiple CKD covariables that were carefully collected during the study. Furthermore, given the diverse study population, these results are generalizable for both men and women and both African-Americans and Caucasians.
There are a few potential limitations of this study. Due to the observational nature of this study, there is the potential for residual confounding. However, we carefully collected and adjusted for multiple lifestyle factors, lipid markers and other known risk factors for CKD. Secondly, the cross-sectional design limits the ability to infer causality between the FLOP level and CKD. Future studies that prospectively identify CKD outcomes associated with the baseline plasma level of FLOP are warranted. Lastly, FLOP is a nonspecific biomarker of oxidative stress and reflects oxidation of proteins, lipids and DNA. However, FLOP provides a better indication of cumulative oxidative damage than those markers that measure a single macromolecule.
In summary, this study indicates that oxidative stress is associated with CKD status and severity. Future studies are warranted to elucidate its role in the development and progression of CKD.
